One of the primary concerns of countries with high levels of biodiversity is the conservation of species and natural environments. This prioritization is based in part on a recognition of the importance of ecosystem services, understood as the various benefits that humans derive from ecosystems, which may be developed into goods and services that are transacted in markets. The Nagoya Protocol is an international agreement whose purpose is to provide a framework under which countries can support biodiversity conservation by regulating access to native genetic materials. Such materials may be of interest to companies, organizations, and institutions for commercial, non-commercial, or both purposes. Furthermore, genetic resources constitute important inputs in numerous industries, including those in the pharmaceutical, biotechnology, botany and horticultural, agricultural, personal hygiene and cosmetics, and food and beverage sectors. The present study explores whether there is a relationship between biodiversity, the implementation of systems to protect natural areas and the quality of institutions, and the utilization of the Nagoya Protocol framework in individual countries. A Probit model was estimated to test these relationships, and a Canonical Correspondence Analysis (CCA) was conducted to identify whether the aforementioned factors explain the execution of access and benefit sharing (ABS) agreements, as measured through the lodging of Internationally Recognized Certificates of Compliance (IRCC) in the Access and Benefit-Sharing Clearing-House (ABSCH) of the Convention on Biological Diversity. The findings indicated that biodiversity conservation policies, specifically the designation of protected natural areas, are important factors that might motivate actors in Nagoya Protocol member countries to utilize the protocol system. The CCA also revealed that the quality of institution factors such as the protection of property rights, the efficiency of legal frameworks for dispute resolution, investor protection, and a low government regulation burden. also help to explain the utilization of ABS agreements.
Introduction
One of the primary concerns of countries with high levels of biodiversity is the conservation of species and natural environments. This prioritization is based in part on a recognition of the importance of ecosystem services, understood as the various benefits that humans derive from natural environments, which may be developed into goods and services that are transacted in markets. in the country from which the resources are obtained [6] . Furthermore, the protocol aims to protect the interests of indigenous and local communities, by recognizing the importance of their traditional knowledge to the historical and ongoing development and utilization of genetic resources. The Nagoya Protocol also endeavors to rectify past injustices, implicitly acknowledging that, for decades, industrial interests in a variety of economic sectors have profited exclusively from the commercial exploitation of genetic resources and associated traditional knowledge, without sharing benefits with resource and knowledge providers [5] .
Therefore, one of the primary contributions that the Nagoya Protocol makes is to provide a standardized regulatory framework for how users of genetic resources may access and utilize these resources and associated traditional knowledge, with the obligation that any benefits derived from utilization be shared fairly and equitably with the providers. These ABS obligations may be conceptualized in at least three ways: (1) as a means to correct the social and economic injustices associated with the global intellectual property system; (2) as a tool for economic development, through the capture of benefits derived from the commercialization of products created through the use of genetic resources; and (3) as an incentive for the conservation of biodiversity [7] . Parties to the Nagoya Protocol are required to guarantee, through national legislation and enforcement regimes, that the ABS system is actualized and made effective. This indicates that the quality of domestic institutions is fundamental to ensuring that the Nagoya Protocol framework is implemented and that parties comply with its requirements.
Essential institutions that the protocol requires member countries to designate include a National Focal Point and a Competent National Authority (Article 13). The former institution is responsible for making information available to applicants seeking access to genetic resources and associated traditional knowledge, as well as for establishing procedures for users to obtain prior informed consent and to negotiate mutually agreed terms, including for benefit sharing. Meanwhile, Competent National Authorities are responsible for granting access, or, where applicable, issuing written evidence that access requirements have been met. Both institutions are also charged with advising stakeholders on applicable procedures and requirements for obtaining prior informed consent and entering into mutually agreed terms.
For its part, Article 15 of the Nagoya Protocol stipulates that contracting parties must take appropriate, effective, and proportionate legislative, administrative, or policy measures to ensure that genetic resources utilized within their respective jurisdictions have been accessed in accordance with prior informed consent and that mutually agreed terms have been established. These provisions mean that it is crucial that countries have the appropriate institutional mechanisms in place to make the national ABS system effective. The difference in the quality of institutions has been shown to constitute one of the principal causes of gaps in economic development between countries [8] . Specifically, weak institutions may discourage investment and thereby complicate the development of a given country, where potential investors would need to spend excessive amounts of time and resources to protect their private property or to enforce contractual obligations. In this way, institutions can inspire investor confidence by guaranteeing a basic level of security and efficacy in the protection of property rights and the enforcement of contracts [9] . Therefore, it is expected that countries with higher quality institutions will offer more favorable conditions for the effective implementation of ABS systems.
Notwithstanding its laudable goals, five years after the entry into force of the Nagoya Protocol, there are still many unanswered questions about whether the ABS framework that the protocol creates is actually effective. For instance, has the uptake of the Nagoya Protocol system for ABS been more successful in countries with relatively high levels of biodiversity, where it might be expected that genetic resources would be accessed more frequently? Does the existence of biodiversity conservation policies-specifically those designed to create protected natural areas-explain the relative prevalence of ABS agreements? Does the quality of the institutions in a given country-measured through indices of property rights, efficiency of the legal framework for dispute resolution, the existence of protections for investors, and the relative burden of government regulation-explain the utilization of ABS agreements by actors interested in accessing genetic resources and associated traditional knowledge?
Background
Since the entry into force of the Nagoya Protocol in 2014, there has been much scholarly interest in how its framework for access and benefit sharing might affect the interests of various stakeholders, including governments, scientists, commercial entities, and indigenous and local communities. With the aim of identifying trends in research on the Nagoya Protocol since the date of its entry into force, we conducted a brief bibliometric analysis utilizing the Web of Science and Clarivate Analytics databases. We were particularly interested in journal articles and book chapters that were indexed in the Journal Citation Reports as an indicator of publication quality and impact. The searches included publications that were released from October 2014 to August 2019.
Using the initial search term of "access and benefit sharing" without any time restriction identified 2415 articles/book chapters in Web of Science. Meanwhile, a search for the term "Nagoya Protocol" without any time restriction yielded 176 publications in Web of Science. When we made the searches more precise by combining both terms and limiting the timeframe to the period of October 2014 to August 2019, we found only 28 results. These findings enabled the identification of scientific publications that could contain critical reflections, case studies, proposals, or experiences related to the implementation of ABS frameworks after the entry into force of the Nagoya Protocol. Figure 1 shows the distribution of results by discipline. country-measured through indices of property rights, efficiency of the legal framework for dispute resolution, the existence of protections for investors, and the relative burden of government regulation-explain the utilization of ABS agreements by actors interested in accessing genetic resources and associated traditional knowledge?
Using the initial search term of "access and benefit sharing" without any time restriction identified 2415 articles/book chapters in Web of Science. Meanwhile, a search for the term "Nagoya Protocol" without any time restriction yielded 176 publications in Web of Science. When we made the searches more precise by combining both terms and limiting the timeframe to the period of October 2014 to August 2019, we found only 28 results. These findings enabled the identification of scientific publications that could contain critical reflections, case studies, proposals, or experiences related to the implementation of ABS frameworks after the entry into force of the Nagoya Protocol. Figure 1 shows the distribution of results by discipline. The distribution of publications by scientific discipline reveals the interdisciplinary nature of the use, management, and conservation of genetic resources, and the diversity of actors interested in systems of fair and equitable benefit sharing for the utilization of these resources and associated traditional knowledge. The majority of the studies were in the domains of plant sciences, biodiversity conservation, pharmacology/pharmacy, green/sustainable science and technology, biotechnology and applied microbiology, and environmental sciences and studies. While some of this research had a global focus, most of the studies had a regional or local scope. The distribution of publications by scientific discipline reveals the interdisciplinary nature of the use, management, and conservation of genetic resources, and the diversity of actors interested in systems of fair and equitable benefit sharing for the utilization of these resources and associated traditional knowledge. The majority of the studies were in the domains of plant sciences, biodiversity conservation, pharmacology/pharmacy, green/sustainable science and technology, biotechnology and applied microbiology, and environmental sciences and studies. While some of this research had a global focus, most of the studies had a regional or local scope.
Similarly, some of the most prominent critical analyses of the Nagoya Protocol that have been conducted to date have focused on particular countries or regions, including Pacific Island nations [10] , Germany and the European Union [11] , French Guiana [12] , and Malaysia [13] . In contrast, few studies have addressed the implementation of the Nagoya Protocol system for ABS on a global scale. One exception to this trend is the research by [14] , who conducted a survey with administrators working in 222 botanical gardens across 46 countries. The results of this study indicated that many survey respondents were not yet familiar with the concept of access and benefit sharing or the Nagoya Protocol.
Although interdisciplinary in nature, the existing literature shares some common criticisms of the Nagoya Protocol regime, including those in relation to the definition and scope of its ABS terms [15] [16] [17] and other areas of ambiguity in certain concepts and provisions. For instance, prior studies have highlighted the uncertainty that exists over how to treat the utilization of genetic sequence data obtained from genetic resources, especially for resources collected historically, prior to the entry into force of the CBD and the Nagoya Protocol. Often, such data may be downloaded directly from online databases, without the need for-and in some instances, the possibility of-direct contact with genetic resource providers.
In other words, it has been suggested that the Nagoya Protocol system for ABS could already be obsolete where genetic resources are "dematerialized," a phenomenon that renders the access of physical materials irrelevant [7] . Emerging technologies, including those in the field of synthetic biology, allow for the reconstruction of a particular genetic resource using digitized genetic information, which is electronically transferable without the need to obtain the original, tangible resource [7] . This undermines the protocols of the contemporary ABS regime, which presuppose negotiations between a provider and a user of a physical object.
Scholars have also expressed concerns about the possibility that regimes designed to implement the Nagoya Protocol at the national level could impede global access to genetic materials. It has been noted, for instance, that the exchange of genetic materials between research institutions plays a fundamental role in scientific development and technology transfer, even where commercialization is not the end goal [13] . Critics of the Nagoya Protocol system argue that restrictions on the transfer of genetic material and associated sequence data could affect basic research related to biodiversity conservation and the application of research findings for the purposes of environmental monitoring, biocontrol, and food safety [17] . Others worry about the potential bureaucratic burden associated with obtaining Internationally Recognized Certificates of Compliance (IRCC) and registering these IRCCs in the Access and Benefit Sharing Clearinghouse (ABSCH) for researchers who access native genetic resources [18] .
Furthermore, researchers and organizations that conduct biocontrol activities have reported difficulty in complying with the requirements of the Nagoya Protocol, as well as with receiving appropriate responses from National Focal Points and Competent National Authorities [19] . To address this issue, a variety of best practice guides and manuals have been generated to support due diligence in meeting the ABS requirements that the Nagoya Protocol mandates. Nevertheless, the implementation of the Nagoya Protocol has still been complicated by a general lack of knowledge about the ABS system on the part of the users and providers of genetic materials [14] . This has led scholars, including [20] , to propose frameworks to assist in the negotiation of ABS agreements, particularly where the proposed utilization of the genetic resources in question is non-commercial in nature.
Several significant obstacles also must be overcome to ensure that ABS systems are implemented in ways that support the effective transfer of traditional knowledge associated with genetic resources. These may include the need to reconcile the customary norms of indigenous legal systems for the circulation of traditional knowledge with Western legal concepts of ownership and proprietary rights. Furthermore, it is critical to avoid the dilution or loss of traditional knowledge in ABS transactions. To mitigate this possibility, some countries have instituted national registries or databases for the documentation of traditional knowledge, although these systems may be controversial due to the implicit need to translate indigenous ways of knowing the world into statist bureaucratic structures.
Another important point is that ABS regimes should not be viewed as a panacea, given that benefit sharing alone is not a sufficient means to provide reparations for historical and ongoing injustices committed against indigenous peoples. For this reason, it is important to promote the legal recognition of indigenous peoples' rights in national constitutional and legislative frameworks alongside the implementation of laws based on the Nagoya Protocol [21] . Indeed, as some scholars have already recognized, it is questionable whether the full realization of ABS pursuant to the Nagoya Protocol would actually reduce global injustice, given that the increased mining of genetic resources by actors from countries in the global North could produce negative effects on the biodiversity and cultural heritage of the global South [22] .
Notwithstanding these concerns, researchers across the world are beginning to utilize the Nagoya Protocol framework. As of 23 August 2019, 329 IRCCs had been lodged in the ABSCH for non-commercial ABS agreements executed in countries around the world. The terms of these contracts covered the utilization of genetic resources for purposes including academic research, preservation, and conservation. The majority of users that were named as parties to these 329 ABS agreements were universities, research centers, museums, and zoos, while in some agreements, access to genetic material was granted directly to individuals, including researchers and postgraduate students. These early results demonstrate that the Nagoya Protocol could provide a governing framework under which international biodiversity research might be effectively conducted [1] .
It is also important to note that some of the countries classified as "megabiodiverse"-a label that refers to any one of a group of 17 nations that harbor the majority of Earth's species and high numbers of endemic species-have already begun to implement national regimes based on the Nagoya Protocol. One example of this phenomenon is found in Mexico, where the relevant national authority recently granted a permit based on an ABS agreement concluded between an international cosmetic company and a civil society organization known as the Women and Environment, Rural Production Society located in the state of Querétaro. The terms of this agreement authorized researchers to collect forest biological resources in exchange for benefits including training and technology transfer. The agreement also provided the creation of a biodiversity conservation plan for the area where the genetic materials were accessed, job creation for local communities, and recognition of the geographical origin of the genetic material in the event that a product based on this resource was commercialized.
While megabiodiverse countries may have a greater stake in the kind of legal protection that the Nagoya Protocol offers, in order to be fully realized, the Nagoya framework should also be adopted by countries that are not classified as megabiodiverse. This is because less biodiverse countries are often where the utilization of genetic resources occurs, and because these countries house the primary markets in which products derived from genetic resources and associated traditional knowledge are commercialized. If the Nagoya Protocol was adopted globally, at least in theory, the interests of the providers of genetic resources and related traditional knowledge would be protected in jurisdictions throughout the world.
A comparison of the genetic resources that may potentially be available in different countries is facilitated by Figure 2 , which shows the relative biodiversity of 159 countries, as designated by the National Biodiversity Index of the CBD [23] . This index is based on estimates of the biological abundance and endemism of four classes of terrestrial vertebrates and vascular plants. Index values vary between one (Indonesia) and zero (Greenland). As can be seen in Figure 2 , the majority of the most biodiverse nations on Earth are developing countries located in the global South, while in general, the least biodiverse countries constitute the primary users of genetic resources. Notable exceptions to this trend include Australia, China, and the United States. Of the 196 member states of the United Nations, 58% have ratified the Nagoya Protocol. According to the CBD registry, of the ten most biodiverse countries on Earth, only six (Indonesia, Mexico, Ecuador, Peru, Venezuela, and China) had joined the Protocol as of August 2019. Meanwhile, five of the least biodiverse countries (Qatar, Kuwait, Finland, Norway, and Sweden) were members of the Nagoya Protocol as of the same date. Table 1 shows the number of registered IRCCs per year across all signatories to the Nagoya Protocol. As of August 2019, the ABSCH of the CBD [24] had registered a total of 564 IRCCs from all Nagoya Protocol member countries. Of these, 35% of the IRCCs registered were for commercial purposes, and 64% were for non-commercial purposes, which included academic research and conservation studies. Finally, a mere 1% of the IRCCs were registered as non-commercial, with the possibility of later conversion to commercial agreements.
To obtain an IRCC, it is necessary that an ABS agreement be executed between the providers of the genetic resources and any associated traditional knowledge, and the users of this subject matter. The Nagoya Protocol framework requires that ABS agreements contain mutually agreed terms (MAT) that account for how any benefits derived from the prospective commercialization of products based on the resources accessed will be shared with the providers. Benefits may be monetary (e.g., royalties, upfront, milestone, or licensing fees) and/or non-monetary (e.g., training for indigenous or local provider communities, technology transfer, and infrastructure). The Nagoya Protocol stipulates that MAT should ensure the greatest possible benefit to providers and users alike, recognizing that the basis of negotiations between the parties is the value assigned to the Of the 196 member states of the United Nations, 58% have ratified the Nagoya Protocol. According to the CBD registry, of the ten most biodiverse countries on Earth, only six (Indonesia, Mexico, Ecuador, Peru, Venezuela, and China) had joined the Protocol as of August 2019. Meanwhile, five of the least biodiverse countries (Qatar, Kuwait, Finland, Norway, and Sweden) were members of the Nagoya Protocol as of the same date. Table 1 shows the number of registered IRCCs per year across all signatories to the Nagoya Protocol. As of August 2019, the ABSCH of the CBD [24] had registered a total of 564 IRCCs from all Nagoya Protocol member countries. Of these, 35% of the IRCCs registered were for commercial purposes, and 64% were for non-commercial purposes, which included academic research and conservation studies. Finally, a mere 1% of the IRCCs were registered as non-commercial, with the possibility of later conversion to commercial agreements.
To obtain an IRCC, it is necessary that an ABS agreement be executed between the providers of the genetic resources and any associated traditional knowledge, and the users of this subject matter. The Nagoya Protocol framework requires that ABS agreements contain mutually agreed terms (MAT) that account for how any benefits derived from the prospective commercialization of products based on the resources accessed will be shared with the providers. Benefits may be monetary (e.g., royalties, upfront, milestone, or licensing fees) and/or non-monetary (e.g., training for indigenous or local provider communities, technology transfer, and infrastructure). The Nagoya Protocol stipulates that MAT should ensure the greatest possible benefit to providers and users alike, recognizing that the basis of negotiations between the parties is the value assigned to the genetic resources and traditional knowledge, and the degree of access granted to this subject matter [24] . Figure 3 presents a network map derived from the 564 IRCCs registered in the ABSCH. The terms or keywords were organized using Cytoscape open source software [25] . All information about the IRCCs analyzed was obtained directly from the ABSCH. genetic resources and traditional knowledge, and the degree of access granted to this subject matter [24] . Figure 3 presents a network map derived from the 564 IRCCs registered in the ABSCH. The terms or keywords were organized using Cytoscape open source software [25] . All information about the IRCCs analyzed was obtained directly from the ABSCH. The network map displayed in Figure 3 graphically represents all IRCCs that were publicly available as of August 2019. This map illustrates how the various IRCCs are connected to each other, with each peripheral term linked to one or more central terms or nodes. This map allows the viewer to understand the types of genetic resources that are accessed, the location from which they are obtained, and the purposes of accessed resources. The network map also presents a hierarchical structure based on three essential nodes corresponding to 1) the location of access to genetic resources, 2) the type of genetic resources, and 3) the users of genetic resources.
In the location node, two types of access are identified, namely ex-situ and in-situ. The latter type of location includes natural protected areas, marine and coastal areas, islands, forests, mountains, and agricultural areas. In the type of resources node, the terms microorganisms, fungi, wildlife, plants, animals, domesticated, and/or cultivated species are identified as common classes of genetic resources. Finally, the third node, users, identifies users with commercial purposes as those situated in the biotechnology, pharmaceutical, botany and horticultural, agricultural, personal hygiene and cosmetics, and food and beverages sectors. Meanwhile, non-commercial users include those whose work centers on academic research and identification, and taxonomy.
Of the 117 countries that were members of the Nagoya Protocol as of August 2019, IRCCs had been registered for the utilization of genetic resources in only 16 countries. The vast majority of the IRCCs lodged in the ABSCH were from India, which accounted for 69% of the total. Table 2 presents the distribution of IRCCs by country, as well as the number and extent of protected natural areas, the National Biodiversity Index ranking, the Global Competitiveness Index ranking, and the biodiversity conservation expenditure for each of the 16 countries with registered IRCCs. The network map displayed in Figure 3 graphically represents all IRCCs that were publicly available as of August 2019. This map illustrates how the various IRCCs are connected to each other, with each peripheral term linked to one or more central terms or nodes. This map allows the viewer to understand the types of genetic resources that are accessed, the location from which they are obtained, and the purposes of accessed resources. The network map also presents a hierarchical structure based on three essential nodes corresponding to (1) the location of access to genetic resources, (2) the type of genetic resources, and (3) the users of genetic resources.
Of the 117 countries that were members of the Nagoya Protocol as of August 2019, IRCCs had been registered for the utilization of genetic resources in only 16 countries. The vast majority of the IRCCs lodged in the ABSCH were from India, which accounted for 69% of the total. Table 2 presents the distribution of IRCCs by country, as well as the number and extent of protected natural areas, the National Biodiversity Index ranking, the Global Competitiveness Index ranking, and the biodiversity conservation expenditure for each of the 16 countries with registered IRCCs. Source: Authors' elaboration, based on information from the Convention on Biological Diversity and the Nagoya Protocol. Note: the quality of institutions index is based on a scale of 1 to 7, such that, as the numbers increase, so too does the quality of institutions of a given country.
As can be seen in Table 2 , India is the country for which the greatest number of IRCCs have been lodged in the ABSCH, of which 77% were for commercial ABS agreements and 22% were for non-commercial agreements. The country with the second highest number of IRCCs filed was France, with 153 records, all of which were for non-commercial ABS agreements. It is notable that IRCCs from France only began to be registered in March 2019, which indicates a rapid implementation of the Nagoya Protocol system in that country. Interestingly, of the countries for which IRCCs have been filed in the ABSCH, France is ranked second to last according to the National Biodiversity Index, but first in terms of the quality of institutions and number of protected natural areas, and third in terms of protected natural area extension. Meanwhile, India is positioned in second place for the quality of institutions, extension of protected natural areas, and conservation expenditure. For comparison, Mexico is ranked first according to the National Biodiversity Index, extension of protected natural areas, and conservation expenditure, but as of August 2019, only eight IRCCs had been filed for that country.
These results indicate that the countries with the largest numbers and extensions of protected natural areas, as well as with the greatest expenditures on biodiversity conservation and the highest quality of institution rankings, have also registered the most IRCCs. This suggests that, among the countries in which IRCCs have been lodged in the ABSCH, those with the most developed policy and institutional frameworks for biodiversity conservation and the utilization of genetic resources have implemented the Nagoya Protocol most fully. While this observation may appear tautological, the key point is that it appears that the ratification of the Nagoya Protocol and the enactment of national legislation to implement the protocol alone are not sufficient actions to encourage domestic actors to utilize the ABS system. Instead, complementary policy and institutional frameworks enable the Nagoya Protocol to be effective at the national level.
Specification of the Probit Model
The study is based on information contained in IRCCs lodged in the ABSCH by 16 of the 117 member countries of the Nagoya Protocol during the period of January 2014 to August 2019. The specification of the dependent variable is expressed as follows: Y i ∈ (0, 1) with cross-sectional data. Values of 1 are assumed for countries with registered IRCCs and 0 for countries without registered IRCCs. The proposed model considers that the individual characteristics of each country will explain the probability that it will utilize the Nagoya Protocol framework, as manifested in the registration of IRCCs. In this way, the model explains the variation in the utilization of the Nagoya system according to the following representation of the Probit model:
Therefore, the probability of utilizing the Nagoya Protocol framework follows the distribution
where y i is the probability of utilizing the Nagoya Protocol framework; β is a vector of unknown parameters; and X i is the matrix of characters particular to each country, in relation to biodiversity, the size of protected natural areas, and the quality of institutions variable confirmed by the average indices of property rights, efficiency in the legal framework for dispute resolution, strength of investor protection, and the relative burden of government regulation. Finally, ε i is the residual component. The probability model is expected to find that countries with higher levels of biodiversity have a greater probability of utilizing the Nagoya Protocol framework, compared to those with less diversity. Likewise, it is expected that countries with well-developed biodiversity conservation policies, represented through the establishment of protected natural areas and the relatively larger size of these areas, will have a greater probability of utilizing the Nagoya system than countries with fewer conservation policies or smaller protected natural areas. Furthermore, it is expected that countries with higher quality institutions, as measured by the indicator "first pillar institutions" of the World Bank [18] , (namely this composite indicator is derived from the following indicators: It should be mentioned that factors including the richness of local traditional knowledge and the level of development of work in synthetic biology in the national scientific sector could also affect the likelihood that actors in a given country might utilize the Nagoya Protocol ABS system. Nevertheless, these variables were not included in the Probit model because global level indicators have not yet been created to describe these factors.
Specification of the Canonical Correspondence Analysis
The Canonical Correspondence Analysis (CCA) arose out of environmental studies, particularly in the discipline of ecology, as a multivariate statistical method that conveys information about sampling stations, communities of biological species, and environmental parameters. This statistical treatment was based on the pioneering work of [26] , and it corresponds to the category of direct gradient analysis. The employment of this method in the present work constitutes an adaptation for use in socio-environmental analysis. No precedents were found for the application of CCA in the literature on the Nagoya Protocol. The CCA is conceived as a variant of correspondence analysis (CA), and it aims to locate the subspaces that best explain biological data under the condition that they are directly related to environmental variables. Since CCA is an extension of CA, what is sought are the dimensions of the subspace by regression using environmental variables (explanatory variables) and species data (multiple response variables). In the regression, the general linear model can be used, which is composed of traditional regression methods or extended and improved models, such as the generalized linear model (GLM) and the generalized additive model (GAM).
For example, in communities of species conditioned to environmental differences, variations in the composition of species or their relative abundance and richness can be found, while accounting for consistency and calculating the predictability of that variation. However, individual changes in the composition of species communities are gradual and related to environmental factors such as the average soil moisture, competition between species for nutrients, temperature, etc. If the samples are ordered by axes (in two or three imaginary axes) and humidity, temperature, or nutrients are specified as environmental factors, they can be defined as a moisture gradient, a nutrient gradient, and a temperature gradient.
The CCA methodology has been used in pioneering research in the field of economics, where it has not only combined environmental variables, but also incorporated social and economic variables [27, 28] . If, in the context of a CA, there is a matrix n × m, Y (y ik ≥ 0), in CCA, this matrix is a matrix of multivariate response variables, and it is related to a second matrix, n × p, with explanatory variables (Z columns). This method comprises CA and regression analysis. In the regression analysis, the response variables and the explanatory variables must correspond to the same group of sites. The second group of variables can be quantitative, binary, or nominal. In summary, one of the main purposes of CCA is to generate an ordination diagram (factorial plan) that indicates the pattern of variation of the communities of species explained by the relationship it has with environmental factors. The reason for which CCA is used is because the best fit to the main axis (the line that best fits is designated as the main axis) is sought in a restricted part of the space and not in the total data space.
A restriction of the CCA method is that all response variables are required to be transformed on the same scale, which is usually done in terms of logarithms. Since the logarithm of 1 is zero and the logarithm between 0 and 1 provides negative values, the CANOCO 5.1 statistical package (Ithaca, NY, USA), which is one of the optimal programs with which to perform CCA analysis, provides a flexible transformation formula [29] :
The values of A and C must be specified to later transform the values of (y), obtaining a result of (y) that is always greater than or equal to zero. For their part, the environmental variables are standardized; that is, with a mean of zero and a variance of one. In the present study, the use of CCA can be analogized to its utilization in the discipline of ecology as follows: the sampling stations are the countries; the species communities are the types of IRCCs (i.e., (1) commercial, (2) commercial-non-commercial, and (3) non-commercial); and the environmental variables are composed of the quality of institutions indicators, as measured by the indicator "first pillar institutions" of the World Bank. These quality of institutions variables specifically include property rights, the efficiency of the legal framework for dispute resolution, protection for investors, the relative burden of government regulation, and biodiversity conservation policies, measured by the extension of protected natural areas and the biodiversity index of each country.
Therefore, the CCA model is as follows:
IRCC ∼ active(biodiversity + extention o f protected natural areas + quality o f institutions)
To perform the CCA analysis, countries that have registered IRCCs in the ABSCH of the Nagoya Protocol were selected. These included India, France, Spain, Kenya, South Africa, Vietnam, Panama, Mexico, Lao Peoples' Democratic Republic, Peru, Bulgaria, Belarus, the Dominican Republic, Guatemala, Uruguay, and Malta. Biodiversity was measured by the CBD National Biodiversity Index, the extent of protected areas was measured in km 2 , and the quality of institutions was measured by averaging the four variables selected from the World Bank Global Competitiveness Index that are described in Table 3 . 
Description of the Data
To estimate the Probit model, information from the 117 countries that are parties to the Nagoya Protocol was used. The data related to the number of IRCCs registered in the ABSCH was obtained in August 2019. A description of the variables used is displayed in Table 3 . Table 4 shows the descriptive statistics of the variables in logarithms, which were selected for the regression analysis. To determine the level of biodiversity and the existence of conservation-oriented policies as measured based on the protection of natural areas, as well as the quality of institution factors such as property rights, the government regulation burden, the efficiency of the legal framework for dispute resolution, and the strength of investor protection in the utilization of the Nagoya Protocol framework, two matrices were generated. Y = y ij , where i = 16, represents the number of countries that have lodged IRCCs in the ABSCH and j = 3 represents the type of agreement covered by the IRCC. X = x ij , where i = 16. countries and j = 6 represents the variables biodiversity, extension of protected natural areas, property rights, the government regulation burden, the efficiency of the legal framework for dispute resolution, and the strength of investor protection.
Results
The regression results show the variation in the probability of utilizing the Nagoya Protocol framework as represented by the registration of IRCCs, explained by the logarithm of the National Biodiversity Index, the size of natural protected areas, and the date of adherence to the protocol. The econometric estimation was performed in STATA (version 15.1, 4905 Lakeway Drive College Station, Texas 77845 USA) and its results are shown in Table 5 . The measure of goodness of fit (pseudo R 2 ) of the model indicates that it explains 50% of the variance in the utilization of the Nagoya Protocol framework in a given country, according to the explanatory variables. This is a typical percentage in models that use cross-sectional data. All of the coefficients show a positive association between greater biological diversity and the utilization of the Nagoya Protocol framework through the registration of IRCCs; that is, a higher value in the National Biodiversity Index is associated with a greater probability that actors in a given country will make use of the national ABS regime. A higher institutional quality, measured as the average of the indices of property rights, relative burden of government regulation, efficiency of the legal framework for dispute resolution, and strength of investor protection, is associated with an increase in the probability of utilizing the Nagoya Protocol system. The protected natural area size variable was not statistically significant at the usual levels of statistical significance.
The results of the CCA were significant as a whole according to the Monte Carlo test with 1000 permutations [trace = 0.5637; F-ratio = 3.6243; p-value = 0.01898, occurrences = 20, Variance Inflation Factor (VIF < 5)] and there were no collinearity issues, since all of the values of the variance inflation factor were less than 5. The first two axes offered a good solution to the utilization of the Nagoya Protocol framework through the registration of IRCCs. This is because the variability present in the data on the number of filings (inertia = 0.728) explained 100% of the relationship between the existence of IRCCs and the biodiversity, conservation, and quality of institutions variables in the first two axes, as well as 78.4% of the variance in IRCCs (Table 6 ). In its first two axes, the ordination diagram (Figure 4) shows the general relationship between biodiversity and the conservation thereof, and the quality of institutions in the existence of IRCCs and the type of agreements they represent (commercial, non-commercial, or commercial/non-commercial). The importance of each explanatory variable is revealed by the length of each gradient (arrow) that corresponds to the type of ABS agreement and the site (country). The ordination diagram also shows the dissimilarity between ABS agreements by type of use, demonstrating that there is a significant distance between the three types of agreements.
The correlation between the variables (arrows) is measured by the angle between them. Therefore, it can be seen that there is a correlation between the variables of biodiversity and extension of protected natural areas. The variance inflation factor for these variables was less than 5, which does not affect the estimates. The variables of biodiversity and extension of protected natural areas correspond to ABS agreements for hybrid commercial/non-commercial use, which are most prevalent in Mexico and Lao People's Democratic Republic. The factors that comprise the quality of institutions variable, namely the efficiency of the legal framework for dispute resolution, relative burden of government regulation, and strength of investor protections, are highly correlated, and they correspond to ABS agreements for commercial use. This type of agreement is most prevalent in India and South Africa. Meanwhile, the property rights variable is most strongly related to ABS agreements for non-commercial use, which are most prevalent in Vietnam, Kenya, Spain, France, Panama, Bulgaria, the Dominican Republic, and Uruguay.
These results suggest that countries could foster the execution of commercial ABS agreements by increasing the efficiency of their respective national legal frameworks for dispute resolution, offering stronger investor protections, and reducing burdensome government regulations. India and South Africa are two of the countries in which the largest number of commercial ABS agreements have been registered in the form of IRCCs in the ABSCH, with 220 and 28, respectively. The existence of hybrid commercial/non-commercial ABS agreements corresponds to higher rates of biodiversity and the existence of conservation policies, as represented in protected natural areas. Mexico, Laos, and India are the only countries for which IRCCs have been registered for this type of ABS agreement.
Finally, non-commercial ABS agreements are associated with the protection of property rights variable. This type of contract commonly included a diverse array of parties, including universities, government research centers, museums, non-governmental organizations, and indigenous groups and local communities. Non-commercial ABS agreements were registered as IRCCs in many of the countries analyzed in this study, including France (123), Spain (43), Kenya (38), Vietnam (28), Panama (19) , Peru (5), Bulgaria (3), Guatemala (2), Uruguay (2), the Dominican Republic (1), and Malta (1). These results suggest that countries could foster the execution of commercial ABS agreements by increasing the efficiency of their respective national legal frameworks for dispute resolution, offering stronger investor protections, and reducing burdensome government regulations. India and South Africa are two of the countries in which the largest number of commercial ABS agreements have been registered in the form of IRCCs in the ABSCH, with 220 and 28, respectively. The existence of hybrid commercial/non-commercial ABS agreements corresponds to higher rates of biodiversity and the existence of conservation policies, as represented in protected natural areas. Mexico, Laos, and India are the only countries for which IRCCs have been registered for this type of ABS agreement.
Finally, non-commercial ABS agreements are associated with the protection of property rights variable. This type of contract commonly included a diverse array of parties, including universities, government research centers, museums, non-governmental organizations, and indigenous groups and local communities. Non-commercial ABS agreements were registered as IRCCs in many of the countries analyzed in this study, including France (123), Spain (43), Kenya (38), Vietnam (28), Panama (19) 
Discussion
Of the 117 countries that had ratified the Nagoya Protocol as of August 2019, IRCCs had been lodged in the ABSCH for only 16 of them. These IRCCs represented ABS agreements that mostly corresponded to the utilization of genetic resources for non-commercial purposes (64%), while 35% of the agreements were for commercial use and a mere 1% were hybrid, commercial/non-commercial agreements. With these results in mind, we can return to the research questions posed at the outset of this study, namely, what factors explain whether ABS agreements will be concluded in countries that have ratified the Nagoya Protocol? Does the existence of biodiversity conservation policies and the relative abundance of genetic resources favor the execution of ABS agreements? Does the quality of the institutions in a given country explain the utilization of ABS agreements by users and providers of genetic resources and associated traditional knowledge?
Our findings demonstrate that the quality of institutions represents a relevant factor for the conclusion of ABS agreements. Prior studies have shown that the quality of institutions is positively related to economic development [8] , and as such, this variable may be understood to constitute an important factor in the utilization of genetic resources for commercial purposes. This is demonstrated in the relationship between the existence of ABS agreements for commercial purposes with the variables of the burden of government regulation, efficiency of the legal framework for dispute resolution, and strength of investor protections. It is notable that higher quality institutions may complement the actualization of Articles 13 and 15 of the Nagoya Protocol, which require that member countries establish National Focal Points and Competent National Authorities to govern the domestic ABS system.
Although it may be the case that countries require time following the ratification of the Nagoya Protocol to develop national legislative and regulatory frameworks to implement the treaty, it is also true that these regimes may be enacted relatively quickly, where there exists the political will to do so. Examples of the efficient uptake of the Nagoya system may be found in France and India. The latter country currently has the greatest number of IRCCs registered in the ABSCH (220). This finding may be expected given that India was one of the early adopters of the Nagoya Protocol, which it ratified on 9 October 2012. However, it is notable that France ratified the protocol nearly four years later, on 31 August 2016, and it has the second largest number of IRCCs registered in the ABSCH (153). This indicates that factors other than time alone explain the utilization of the Nagoya Protocol framework by actors in Nagoya Protocol member countries.
Overall, the results of the present study describe certain global trends that help to explain the likelihood that parties will negotiate and execute formal ABS agreements in countries that have ratified the Nagoya Protocol. However, it is important to acknowledge certain limitations that affected our analysis. First, given that the Nagoya Protocol only entered into force less than five years ago, in October 2014, the process of implementation of this regime at the national level in member countries is ongoing. It is likely that many more parties to the Nagoya Protocol will begin to lodge IRCCs in the ABSCH in the near future, a fact that should invite future research. A second limitation was that indicators used to describe the relative richness of traditional knowledge associated with genetic resources, the effect of emerging technologies such as synthetic biology, and the strength of biodiversity governance systems have not yet been developed. It is hoped that future work can elucidate the effect of these and other variables on the implementation of the Nagoya Protocol framework.
Conclusions
This study is the first to analyze the process of the implementation of the Nagoya Protocol from a global perspective using econometric methods, and specifically a multivariate Canonical Correspondence Analysis. This methodology enabled the identification of certain factors associated with the implementation of the Nagoya Protocol, as measured through the registration of IRCCs in the ABSCH. The results revealed that a relatively high level of biodiversity and the existence of conservation policies in a given country are factors associated with the execution of both commercial and non-commercial ABS agreements between genetic resource providers and users.
The quality of institutions also constituted a relevant factor, with higher quality institutions associated with a greater number of IRCCs lodged in the ABSCH. This variable is also important given the obligations that countries have pursuant to Articles 13 and 15 of the Nagoya Protocol, to establish National Focal Points and Competent National Authorities. Correspondingly, instituting less burdensome government regulations, as well as more efficient legal frameworks for dispute resolution and stronger investor protection, represent strategies that countries can adopt to support the execution of commercial ABS agreements.
As a final point, we recognize that other factors likely affect the implementation of the Nagoya Protocol, as measured by the registration of IRCCs in the ABSCH. These may include the relative richness of local traditional knowledge, the effectiveness of national systems of biodiversity governance, and the relative importance of emerging technologies for the utilization of genetic resources in research and development in a given country. However, these factors were not included within the scope of the present study due to the paucity of information available to investigate these questions at the global level. Nevertheless, the influence of such variables could be assessed in future lines of research. Prospective studies could also questions including the effect of monetary and non-monetary benefit sharing on the well-being of the indigenous groups and local communities that act as providers of genetic resources and associated traditional knowledge. These lines of inquiry would help to substantiate the meaning of "effectiveness" in the implementation of the Nagoya Protocol ABS system.
